In this work, nonlinear optical properties of Na: ZnO thin films (Na: ZnO) have been experimentally elaborated. The principal possibility to operate the nonlinear optical features using external laser beams is shown. The Na: ZnO films were synthesized by spray pyrolysis technique at a deposition temperature equal to about 400 °C. XRD graph reveals that the grown films were polycrystalline in nature with a dominant peak corresponding to (0 0 2) plane.
Introduction
Recently there has been observed an enhanced interest on Zinc Oxide (ZnO) based nanostructure because of their large variety of applications mainly in field-effect transistors, piezoelectric nano-generators, photodiode, solar cell, coherent laser transformation, gas sensors etc… [1] . These materials may be applied as photocatalyst and sensors due to their promising piezoelectric and optical and nonlinear optical features [2] [3] [4] [5] [6] . Large exciton binding energy of 60 meV, a wide direct band gap about 3.37eV, nontoxic, and a relatively high melting point of 1975 °C, easy device fabrication, high optical transmittance, high thermal conductivity and high electron mobility has always made ZnO as a promising candidate for various applications [1] [2] [3] [4] [5] [6] [7] [8] [9] . In order to enhance and modulate the structural and optical properties of ZnO thin film to meet the ever-increasing technological demand, many approaches have been implemented. Among all, doping with a suitable element which can bring out substantial variation in physical and chemical properties are one of the widely used methods [10] [11] [12] [13] [14] . In the present study, we incorporate alkali metal Sodium (Na) with atomic weight 22.99u, density 0.971 g/cm as the doping material. Na belongs to Group I and is a suitable acceptor with relatively high hole concentration [2, 8] .
Many techniques are reported for the synthesis of Na: ZnO thin films including DC and RF sputtering, thermal evaporation, chemical vapour deposition, spin coating, spray pyrolysis, sol-gel etc. Among this spray, pyrolysis has gained a lot of attention because of its low cost, large area deposition, safe and simple deposition methodology [8] . In this work, pure and Na doped ZnO thin films have been prepared by spray pyr-olysis technique at different Na doping concentration. We have in-corporated Zscan technique using a continuous laser which accounts the thermal nonlinearity of the sample and THG, SHG technique using a nanosecond laser which accounts the electronic nonlinearity of the sample. The studies which combined both of these domains are not well explored till date. Additionally, in this work, we present the principal possibility to operate the nonlinear optical features using external laser beams which is contrary to most of the previous work where the nonlinear optical parameters are fixed. The main innovation of this work is to explore the possibility to change nonlinear optical susceptibilities by Na doping concentration and coherent laser treatment differing to the previous works where these parameters have not been explored.
Experimental details

Thin film preparation by spray pyrolysis
The Na: ZnO thin films have been fabricated using a low-cost spray pyrolysis technique. Sodium acetate [CH3COONa·3H2O, MW = 136.08] and Zinc acetate [Zn(CH3COO)2·2H20, Mw = 219.49] has been served as a precursor for sodium (dopant) and zinc (host) to prepare pure and Na doped ZnO thin films. Sodium doping was done by addition of sodium acetate at a doping concentration of 5%, 10% and 15% to Zn precursor. The working temperature was maintained at 400 °C. The elemental composition of the grown films was then confirmed by Energy-dispersive X-ray spectroscopy analysis. Fig. 1 shows the EDS spectra and quantitative analysis of the grown films at different Na doping concentration.
Characterization techniques
The surface morphology and structural properties of grown films were investigated by atom force microscopy (AFM) and X-ray diffraction (XRD). JASCO Fluorescence spectrometer with a spectral resolution of 1 nm was employed to record the photoluminescence spectroscopy of the grown films. Xenon flash lamp was used as the probing source with an excitation wavelength of 325 nm to explore the radiative defects in the films. Open aperture Z-scan measurements were used to determine the sign and magnitude of third-order nonlinear absorption coefficient (βeff) for Na doped ZnO thin films. He-Ne laser of 632 nm wavelength and 22 mW input power were used as the excitation source. The samples were placed on an automated translational stage and move along the focus of the excitation source at a distance of 40 mm. The variations in the output power at an increment of 500 μm were recorded by a photodetector and further analysed using nonlinear transmission equations. Laser-induced second and third harmonic generation techniques with a fundamental source of 10 ns Nd: YAG laser emitting at 1064 nm with pulse duration 10 ns and pulse frequency repetition 10 Hz were employed for second order and third order nonlinear optical property analysis. Linear optical properties of the films were studied using SHIMADZU UV 1800 spectrophotometer within the wavelength range of 350-1000 nm. 
Results and discussion
3.1. Structural and morphological studies X-Ray diffraction (XRD) patterns of pure and Na: ZnO thin films are depicted in Fig. 2 . XRD graph shows multiple peaks confirming a fact that the titled films are confirming successful doping of Na into ZnO lattice [1] . The dominant peak was observed along (0 0 2) plane [1] . Doping of Na doesn't result in the shifting of XRD peak despite differences in ionic radii of Na (0.95A°) and Zn (0.74A°) [2] but amended XRD peak intensity. Furthermore, large differences in the ionic radii resulted in the incorporation of lattice defects which is evident from the variation in dislocation density.
The average crystallite sizes were calculated from (0 0 2) peak using Debye's Scherer formula [3] :
where , , k , D are the Bragg diffraction angle, the X-ray wavelength ( = 1.5406 A°), FWHM, shaping factor, average crystal size, respectively [1] . Value of the dislocation density was determined using When the dopant Na is introduced into ZnO lattice, the crystalline sizes have been varied. This indicates that crystallinity of the films modifies as the doping concentration increases and the lower value of dislocation density and strain indicates the good crystalline quality of the grown films [9] . The calculated structural parameters of Na: ZnO nanostructures are tabulated in Table 1 . Fig. 3 presents the AFM image of the pure and Na: ZnO films. The surface roughness values are shown in Table 2 . As the doping concentration increases, surface roughness also shows an enhancement. It is noteworthy that at the loose surface, voids exist and as the Na concentration increases there will be the formation of larger grains resulting in an enhancement of average surface roughness [8] .
Optical studies
UV Visible spectrophotometer with spectral resolution 1 nm was used to study the optical properties of Na: ZnO films within the spectral range 300-1000 nm. The optical transmittance and reflectance graph (inset) of Na: ZnO thin films are shown inFig. 4. (a). From the figure it is observed that optical reflectance from the film surface compratively less and major part of the incident light is transmiited. This observed behaviour indicates that the grown films depicts negligible fabry-perot effect.
By extrapolating the linear part of the Tauc plot shown in Fig 4b will give the values of the energy band gap (Eg) of the film [9] . The band gap for pure and Na: ZnO thin films was almost same and shows a slight variation. The observed energy shift in the band gap was attributed to the alteration of the lattice constant of ZnO nanostructures. Moreover, after Na doping defects are generated in the nanostructures [2] and for the higher concentration of Na: ZnO, impurity levels near the conduc-tion band has a minimum and valence band a maximum [8] . Thus, additional band tail arose resulting in an observed reduction of the energy band gap [7] . 
Photoluminescence properties
The ambient temperature PL spectra of pure and Na: ZnO thin films were obtained at an excitation wavelength of 325 nm. Fig. 5 shows the PL spectra of Na: ZnO thin film for pure, 5%, 10%, 15% concentration. The observed broad spectra appeared due to the presence of recombination sites, grain boundaries and defects [15] . Generally, ZnO thin film is presented with the native defect such as zinc vacancies, zinc interstitial, oxygen vacancy and absorbed hydroxyl group [15] . The near band edge emission observed at energies around 3.20 eV, 3.16 eV, 3.12 eV, 3.19 which were due to the transition of an electron from the conduction band to an ionised oxygen vacancy in the valence band [16] [17] [18] [19] . The blue emission observed around ~2.51eV for Na: ZnO films were caused by the oxygen antisites defect sites (Ozn) which re-sults in the potential electron transition from the conduction band to Table 3 PL emission centres and their proposed origin.
Ozn defect site [16] [17] [18] [19] . In Zn rich environment, the formation of Ozn defect is very typical and the intensity of blue emission varied upon doping. The green emission observed at 2.31eV is attributed to the recombination of holes and electrons in the deep level oxygen vacancy (Vo) and electron trapped in a shallow level situated below conduction band of Na: ZnO thin film [18, 19] . Table 3 summarizes the observed and PL emission centres and its proposed origin in Na: ZnO thin films.
Nonlinear optical properties
Open aperture Z-scan measurements
Third-order nonlinear absorption coefficients of the films were measured by the Z-scan technique as described by Sheikh Bahae et al. [20] . He-Ne laser of 632 nm wavelength, 20 mW input power and TEM 00 mode was applied for the third order nonlinear optical Fig. 6 shows the open aperture Z-scan trace for the studied Na:
ZnO thin films. From the trace, it is observed that pure, 10% and 15% Na:
ZnO thin films have positive absorption non-linearity, which corresponds to reverse saturable absorption mechanism (R.S.A) [21] . For 5% Na: ZnO thin film saturable absorption mechanism (S.A) was perceived which corresponds to negative absorption nonlinearity. The switching over mechanism from RSA to SA is due to the fact that absorption in the excited state is higher with respect to the ground state and further non-availability of empty defect states [19, 22] . Principal set-up for the measurements of the laser stimulated SHG and THG.
The spectrum of the SHG after two beams of coherent treatment.
beam coherent treatment. Since the excitation source used in the experiment were a continuous mode operated laser source the nonlinear absorption process exhibited by Na: ZnO can be attributed to a thermal nonlinear effect. The scattered experimental points observed were due to the presence of nonlinear scattering mechanism exhibited by the films at the waist region. The nonlinear absorption due to two photon absorption mechanism which is predominant with slight nonlinear scattering. Hence, at the waist region where the intensity is high, the variations in experimental and theoretical nonlinear absorption spectra arises due to nonlinear scattering effect. Table 4 shows the variation in the βeff with respect to Na doping concentration. Table 5 shows the comparison of nonlinear absorption coefficient values of nearly reported Semiocondutor thin films.
Photostimulated second and third harmonic generation measurements
The laser stimulated nonlinear optical effects which is principally different with respect to the classical nonlinear optical phenomena described in sec 3.4.1 were explored. These effects are very important for designing laser operated devices like optical triggers, modulators and reflectors. The principal set-up for the measurements of the coherent laser stimulated second and third harmonic generation is presented in Fig. 7 .
A 10 ns Nd:YAG fundamental pulsed laser emitting at 1064 nm with a pulse duration of 8-10 ns and pulse frequency repetition 10 Hz were used as a basic source of the laser stimulated nonlinear optical studies. The Glan polarizer was used to vary the input beam energy density of the fundamental beam. The semi-transparent mirrors have been used for the space splitting and space separation of the fundamental beam for two coherent channel. One of the channels has been served (at the same frequency) for the monitoring of the fundamental laser beam control and another one for the probing of the second and third harmonic generation after their spectral separation by interferometer filters at 532 nm and 355 nm respectively. Additionally, the spectral shape of the doubled and tripled frequency beam has been detected by spectrometer DFS8 (with diffraction gratings) with spectral resolution about 0.2 nm. The 1ns relaxed photomultiplier was put after the interferometric filters at 532 nm and 355 nm and output slit of the spectrometer with a band path about 5 nm. This was used for the spectral separation of the SHG and THG signal with respect to the fundamental light and fluorescence parasitic background. The incident fundmental laser beam has been space separated which allow to perform the photoinduced treatment during several seconds to form some anisotropic grating similarly to the described in ref. [30] So we have coherent interactions between the laser stimulated beam effects and the output NLO.
The typical spectra of the SHG and THG are shown in Figs. 8 and 9. One can clearly see a drastic jump in the output of SHG and THG with respect to the background which unambiguously confirms the nonlinear optical origin of the observed effects. The data are obtained after the initial treatment by 50-70 two coherent pulses separated in the space and incident on the sample surface at 25-30°. The maximal signal was observed for 45-degree angles between the two photo induced beams. The SHG output signals after treatments have been increased up to 22-25% and of THG about 10%. The BiB3O6 pure and doped crystallite powders [28] and the oxide glasses have been used for the reference to evaluate the efficiency of the output SHG and ZnSe:Co 2+ crystals for the THG signals [29] . These experiments have been performed in more than 30 different points of the specimen's to avoid the non-homogeneity of the samples as two different stage. The photo treatment has caused a saturation of the output SHG and THG and was controlled by the stabilization of the beam grating pattern profiles using the CCD camera. The principal results of the treatment versus the fundamental power density are given in Fig. 10 . Following Fig. 10 one can clearly see that the doping by Na leads to decrease of the SHG efficiency with respect to the pure ZnO samples.
The presented results clearly show that the maximal signal of the SHG is observed for the pure ZnO thin films. The maximal suppression is observed for the 10% Na doping. At the same time at 15% just higher. It may reflect an occurrence of partial aggregation of the Na and fur-thermore, at 5% the signal intensity is higher than for the 10% and 15% Na doping. It is necessary to empathize that because the effects are laser stimulated there is lacking a possibility to analyze the power depen-dence of the samples for the pure nonlinear optical effects.
The SHG/THG presented in Fig. 9 demonstrate different nonmonotonous dependence of signal intensity with Na doping concentration. For pure ZnO, the THG signal is minimal and the maximum is observed for the 15% Na doping. So it is quite different with respect to the SHG behaviour. This may be explained by different mechanisms of the SHG and THG. For the SHG principal role belongs to the charge density eccentricity and for the THG principal role is contributed by the changes in the ground state dipole moments.
To understand the laser stimulated dependences of the THG and SHG it is necessary to take into account different phenomenon with respect to the traditional NLO effects. In this case the general phenomenology of the NLO effect will be different and may be described by a phenomenology modifed by exernal laser induced field:
where dijk correspond to the nonlinear optical susceptiblies of the second and third order described by third and fourth order polar tensors for SHG and THG, respectively. Principal difference with respect to traditional NLO phenomenological description consists in the occur-rence of the internal dc-electric field Eef which is due to interaction of the two coherent beams as described in ref. [30] . Additionally due to photoinduced changes some modification will be appeared in the co-herent lengths due to laser induced birefringence. As a consequence the power dependences of the SHG/THG will be higher than 2 and 3 as for the traditional SHG/THG. Additionally, the space profile of the beams has been controlled using the CCD and the results are presented in Figs. 11-13. One can see that initial beam profile was disturbed by grating interference patterns which means that the effects of coherent gratings appear. One can see that for both cases there exist two types of grating patterns in the profiles for the beams. The frequencies of the SHG patterns are less than for the THG. It may reflect different mechanisms of the matching for these two cases. 
Conclusions
Na:ZnO thin film at different concentration have been prepared by spray pyrolysis technique. The structural, optical and nonlinear optical properties of the thin film were studied. XRD analysis reveals grown films exhibits a c-axis orientation growth along (002) plane. The PL studies show three emission centres at violet, blue, green region due to the presence of native defect sites. Open aperture Z-scan curve indicates a switching over behaviour from RSA to SA and vice versa upon Na incorporation. Maximal signal of the SHG was observed for the pure ZnO nanofilms whereas 15% Na:ZnO thin films exhibited maximum THG signal. The maximal suppression of SHG was observed for the 10% Na doping. It is necessary to emphasize that during laser stimulated effects we deal with principally different phenomenon with respect to the traditional NLO effects. In this case the general phenomenology of the NLO effect will be different and may be described by a phenom-enology modifed by exernal laser induced field. The power of NLO coefficient dependences will be different form 2 and 3 in the case of the SHG and THG, respectively. This fact may be used for the formation of the multi-functional nonlinear optical devices and for the tuning of nonlinear optical susceptibilities by appropriate changes in the laserstimulated beams and doping concentrations.
